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(54) Gas sensor 

(57) A gas sensor has a structure in which an insu- 
lator (4) is disposed inside a metallic shell, and a sensor 
element (2) is disposed inside the insulator (4). A cavity 
(31) is formed in the insulator (4) to surround the sensor 
element (2). A sealing material (32) mainly formed of 
glass is charged into the cavity (31) in order to establish 
sealing between the inner surface of the insulator (4) 
and the outer surface of the sensor element (2). The 
sensor element (2) has a rectangular cross section, and 
the inner surface of the insulator (4) defining the cavity 
(31) has a sectional profile corresponding to the sec- 
tional profile of the sensor element (2). 
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Description 

[0001] The present invention relates to a gas sensor 
for detecting a component of a gas to be measured 
(hereinafter referred to as a measurement gas), such as 
an oxygen sensor, an HC sensor, an NO x sensor, or a 
tike sensor. 

[0002] Conventionally, there has been known a gas 
sensor having a structure in which an insulator is dis- 
posed inside a metallic shell; a sensor element is dis- 
posed inside the insulator; and a sealing layer is formed 
between the inner surface of the insulator and the outer 
surface of the sensor element from a sealing material 
such as glass. The sealing layer is formed through 
charging of the sealing material into a cavity that is 
formed in the insulator around the sensor element 
[0003] In gas sensors having the above-described 
structure, the sensor element is frequently formed into a 
ceramic layered element. In such a case, as shown in 
FIG. 14, there is generally used a sensor element 102 
having a rectangular cross section. However, a cavity 
portion 131 (i.e., a sealing-material layer 132) formed in 
an insulator 104 conventionally has a circular cross sec- 
tion This results in a structure in which the sealing- 
material layer 132 having a circular cross section 
encloses the sensor element 102 having a rectangular 
cross section. Therefore, the thickness of the sealing- 
material layer naturally becomes uneven such that the 
thickness is greater at portions corresponding to the 
longer sides of the cross section of the sensor element 
102. and smaller at portions corresponding to the 
shorter sides of the cross section of the sensor element 
102. For example, an oxygen sensor for automobile use 
is often mounted at a location, such as an exhaust man- 
ifold or an exhaust pipe located near a suspension sys- 
tem and tires, where the sensor may be exposed to high 
temperature or subjected to a strong thermal shock. 
When the sealing-material layer 132 has an uneven 
thickness as described above, thermal stresses tend to 
concentrate at thin wall portions, resulting in the prob- 
lem of shortening the life of the sealing-material layer 
132. 

[0004] An. object of the present invention is to provide 
a gas sensor in which the effect of thermal stress on a 
sealing-material layer is mitigated and which therefore 
has excellent durability. 

[0005] A gas sensor of the present invention has the 
following structure. An insulator is disposed inside a 
metallic shell, and a sensor element for detecting a 
component of a gas to be measured is disposed inside 
the insulator. A cavity is formed in said insulator to sur- 
round said sensor element, and a sealing material 
mainly made of glass is charged into the cavity in order 
to establish sealing between the inner surface of the 
insulator and the outer surface of the sensor element In 
order to achieve the above-described object, in accord- 
ance with a first aspect of the present invention, an 
inner surface of the insulator that defines the cavity 



(hereinafter referred to as a "cavity-defining inner sur- 
face'*) has a sectional prof Oe that conforms to that of the 
sensor element, when the sectional profile of the sensor 
element is square, rectangular, or elliptical. 

5 [0006] In the case where the sensor element has a 
square, rectangular, or elliptical cross section, a seal- 
ing-material layer of uniform thickness can be formed 
around the sensor element if the cavity-defining inner 
surface; i.e.. the outer circumference of the sealing- 

10 material layer charged into the cavity, has a sectional 
profile that conforms to that of the sensor element. By 
virtue of this structure, there can be prevented concen- 
tration of stresses at a thin wall portion, which has 
arisen in conventional gas sensors in which a sealing- 

15 material layer of a circular cross section is formed 
around a sensor element of, for example, a rectangular 
cross section. Thus, the durability of the sealing-mate- 
rial layer can be improved. 

[0007] In accordance with a second aspect of the 

20 present invention, the gas sensor has the following fea- 
tures (see FIGS. 3(a) and 3(c) for the following descrip- 
tion). That is. the sensor element (2) has a rectangular 
cross section along a plane Q perpendicular to the axis 
of the sensor element (2). On the plane Q, a line Li is 

25 drawn such that the line L1 passes through the centroid 
G of the cross section of the sensor element (2) and 
perpendicularly intersects the shorter sides of the cross 
section of the sensor element (2). The intersections 
between the line L1 and the inner surface defining the 

30 cavity (31) are taken as P1 and P2, respectively Simi- 
larly, a line L2 is drawn such that the line L2 passes 
through the centroid G of the cross section of the sensor 
element (2) and perpendicularly intersects the longer 
sides of the cross section of the sensor element (2). The 

35 intersections between the line L2 and the inner surface 
defining the cavity (31) are taken as P3 and P4, respec- 
tively Further, while the longer of the distances GP1 
and GP2 (or either one when GP1 = GP2 ) is used as a 
radius, a circle C centered at the centroid G is drawn. 

40 The sectional profile of the inner surface defining the 
cavity (31) is determined such that both the points P3 
and P4 fall within the circle C. 

[0008] When the sensor element has a rectangular 
cross section and, as shown in FIG. 14, the cavity-defin- 

45 ing inner surface i.e., the outer circumference of the 
sealing-material layer charged in the cavity has a circu- 
lar profile, thick wall portions are formed in regions 
along the longer sides of the cross section of the sensor 
element, which causes stress concentration at thin wall 

so portions formed along the shorter sides of the cross 
section. In order to solve this problem, in accordance 
with the second aspect of the present invention, the 
sectional profile of the cavity-defining inner surface of 
the insulator (or the sectional outer profile of the seal- 

55 ing-material layer) is set such that both the points P3 
and P4 fall within the circle C. In this case, since the 
sealing-material layer has a reduced wail thickness in 
regions along the longer sides of the cross section oif 
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the sensor element, the above-described problem can 
be avoided. 

[0009] Preferably, the average wall thickness of the 
seaiing-material layer formed around the sensor ele- 
ment is adjusted within the range of 0.2 to 5 mm. When 5 
the thickness of the seaiing-material layer becomes less 
than 0.2 mm, the air-tightness between the sensor ele- 
ment and the insulator is impaired. Further, since the 
size and weight of gas sensors mounted on automo- 
biles and like have recently been reduced drastically, it w 
has became difficult to secure space for allowing use of 
a seaiing-material layer having a thickness of 5 mm or 
greater Further, when the thickness of the seaiing- 
material layer exceeds 5 mm, the absolute amount of 
thermal contraction of the seaiing-material layer 75 
increases, thereby increasing the thermal stress acting 
on the sensor element disposed inside the seaiing- 
material layer, possibly shortening the life of the sensor 
element. More preferably, the average wall thickness of 
the seaiing-material layer is adjusted within the range of 20 
0.3 to 3 mm. 

[0010] Further, when the sensor element has a rec- 
tangular cross section, the maximum thickness of the 
seaiing-material layer in regions along the shorter sides 
is preferably set substantially equal to the maximum 25 
thickness of the seaiing-material layer in regions along 
the longer sides. Specifically, the cavity-defining inner 
surface preferably has a rectangular sectional profile 
such that the centroid of the sectional profile of the cav- 
ity-defining inner surface substantially coincides with 30 
the centroid of the cross section of the sensor element 
and such that the sectional profile of the cavity-defining 
inner surface corresponds to that of the cross section of 
the sensor element. In this case, each of the four com- 
ers of the sectional profile of the cavity-defining inner 35 
surface preferably has a rounded or chamfered shape. 
Alternatively, the cavity-defining inner surface has an 
elliptical sectional profile such that the centroid of the 
sectional profile of the cavity-defining inner surface sub- 
stantially coincides with the centroid of the cross section 40 
of the sensor element and such that the major axis of 
the ellipse extends along the longitudinal direction of the 
cross section of the sensor element. 
[0011] The gas sensor of the present invention may 
have the following structure. That is, the gas sensor 45 
comprises an outer cylinder, a metallic shell, a sensor 
element, a seaiing-material layer, and a cushion layer. 
The metallic shell is disposed inside the outer cylinder. 
The sensor element is disposed inside the metallic shell 
and is adapted to detect a component of a measure- so 
ment gas. The seaiing-material layer is mainly made of 
glass and is disposed between the outer surface of the 
sensor element and the inner surface of the metallic 
shell or between the outer surface of the sensor ele- 
ment and the inner surface of an insulator disposed 55 
between the metallic shell and the sensor element The 
cushion layer is made of a porous inorganic substance 
and is disposed on at least one side of the seaiing- 



material layer with respect to the axial direction of the 
sensor element. 

[0012] In the above gas sensor of the present inven- 
tion, the cushion layer made of a porous inorganic sub- 
stance is disposed on at least one side of the seaiing- 
material layer with respect to the axial direction of the 
sensor element. The thus-disposed cushion layer eases 
stress concentration in a boundary region between a 
portion of the sensor element covered with the seaiing- 
material layer and an uncovered portion, thereby 
extending sensor element life. In this case, the cushion 
layer conceivably produces the following effects. 

(1) When a mechanically- or thermally-induced 
impact force acts on the sensor element, the cush- 
ion layer supports the portion of the sensor element 
not covered with the seaiing-material layer to 
thereby suppress a displacement of the portion 
which would otherwise occur in a direction perpen- 
dicular to the axis of the sensor element, thereby 
suppressing a strong local bending stress which 
would otherwise occur in the sensor element. 

(2) During heating/cooling in a step of sealing with 
glass, the cushion layer alleviates a radial compres- 
sive force or a bending stress which would other- 
wise be imposed on the sensor element due to a 
contraction differential between glass (material of 
the seaiing-material layer) and the sensor element 
or the metallic shell or the insulator. 

[0013] The cushion layer may be disposed to be in 
contact with the seaiing-material layer, or a predeter- 
mined gap or another layer may be disposed between 
the cushion layer and the seaiing-material layer. 
[0014] The cushion layers may be disposed on oppo- 
site sides of the seaiing-material layer with respect to 
the axial direction of the sensor element. This arrange- 
ment alleviates stress concentration which would other- 
wise occur in the sensor element on opposite sides of 
the seaiing-material layer, thereby further improving the 
durability of the sensor element In this case, the cush- 
ion layers provided on opposite sides of the seaiing- 
material layer may be of different materials or of the 
same material. 

[0015] The sensor element may have an elongated 
shape with a sensing portion formed at a tip section 
thereof and may be inserted through the metallic shell 
such that the sensing portion projects therefrom. In this 
case, the cushion layer which is in contact with the end 
of the seaiing-material la/er located closer to the tip 
section of the sensor element contains filler particles 
and binder particles. The filler particles are superior in 
heat resistance to glass contained in the seaiing-mate- 
rial layer. The binder particles partially fill gaps among 
filler particles, are superior in heat resistance to glass 
contained in the seaiing-material layer, and are lower in 
softening temperature than the filler particles. 
[0016] Specifically, the cushion layer located on the 
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near side of the seafing-material layer as viewed from 
the tip section of the sensor element is more susceptible 
to high temperature than is the sealing-material layer. 
Therefore, in the cushion layer, the filler particles, which 
are superior in heat resistance to glass contained in the 5 
sealing-material layer, are bonded by the binder parti- 
cles, which are lower in softening temperature than the 
filler particles, but are superior in heat resistance to 
glass contained in the sealing-material layer. Accord- 
ingly, sufficient heat resistance as well as stress-allevi- w 
ating properties can be imparted to the cushion layer, 
which is exposed to an environment more severe than 
that to which the sealing-material layer is exposed. In 
this case, the filler particles may be mainly formed of 
Al 2 0 3 or talc, and are preferably of Al 2 0 3 in view of its 15 
excellent heat transmission and heat resistance. The 
binder particles are preferably of clay, for example, since 
clay particles can fuse together at a temperature of 
forming the sealing-material layer (a sealing tempera- 
ture). 20 
[001 7] In the configuration that the sensor element is 
inserted through the metallic shell such that the sensing 
portion projects therefrom and that the cushion layer is 
disposed in contact with the end of the sealing-material 
layer located closer to the sensing portion, the cushion 25 
layer is preferably formed such that its diameter 
decreases toward the sensing portion. The cushion 
layer may be formed in the following manner. The sen- 
sor element is inserted through a cavity formed in the 
metallic shell or the insulator. Then, the cavity is filled 30 
with powder material for the cushion layer (or powder 
compact). The thus-formed preliminary assembly is 
heated to a sealing temperature. In this case, since the 
cushion layer (in other words, the cavity formed in the 
metallic shell or the insulator) assumes the above-men- 35 
tioned shape, the filling density of the material powder 
at a smaller-diameter portion of the cavity can be 
increased when the material powder is filled into the 
cavity, and thus improving the sealing of the sensor ele- 
ment against the cushion layer. 40 
[0018] Embodiments of the present invention will next 
be described, by way of example only, with reference to 
the accompanying drawings in which: 

Fig. 1 is a longitudinal sectional view of an oxygen 45 
sensor illustrating a gas sensor of an embodiment 
of the present invention; 

Fig. 2 is an explanatory view showing the structure 
zt ~ of a ceramic element serving as a sensor element 
of the gas sensor of FIG. 1 ; so 
Fig. 3 is a longitudinal sectional view showing a 
main portion of the oxygen sensor of FIG. 1 . sec- 
tional view taken along the tine A-A, and enlarged 
explanatory view of the main portion; 
Fig. 4 is a transversal sectional view showing a ss 
modification of the oxygen sensor of FIG. 1 ; 
Fig. 5 is a transversal sectional views showing fur- 
ther several modifications of the oxygen sensor of 



FIG. 1; 

Fig. 6 is a longitudinal sectional view showing a 
modification of the oxygen sensor of FIG. 1 in which 
cushion layers are provided adjacent to the sealing- 
material layer; 

Fig. 7 is a schematic view illustrating the structure 
of a cushion layer. 

Fig. 8 is an explanatory view showing the action of 
the cushion layer; 

Fig. 9 is an explanatory view illustrating a process 
for manufacturing the oxygen sensor of FIG. 6; 
Fig. 10 is an explanatory view continued from FIG. 
9; 

Fig. 1 1 is a sectional view showing modifications of 
the cushion layer of the oxygen sensor of FIG. 6; 
Fig. 12 is a schematic sectional view of a fuil-range 
oxygen sensor element which can be used as the 
ceramic element; 

Fig. 13 is a schematic sectional view of an NOx 
sensor element which can be used as the ceramic 
element; and 

Fig. 14 is a longitudinal cross section and transver- 
sal cross section showing a main portion of a con- 
ventional gas sensor. 

The reference numerals in the drawings are used to 
label items as follows: 



1: 

2, 60, 
3: 
4: 
18: 
30 
31 
32 
33, 



34: 



oxygen sensor (gas sensor) 
70: ceramic sensor (sensor element) 
metallic shell 
insulator 
outer cylinder 
through-hole 
cavity 

sealing-material layer 
cushion layer 



[0019] FIG. 1 shows an embodiment of a gas sensor 
of the present invention. An oxygen sensor 1 is adapted 
to detect the concentration of oxygen contained in an 
exhaust gas emitted from an automobile or a like appa- 
ratus. The oxygen sensor 1 is commonly referred to as 
a X sensor or an 0 2 sensor and includes an elongated 
ceramic element 2 (sensor element). The tip of the 
ceramic element 2 is exposed to high-temperature 
exhaust gas flowing through an exhaust pipe. 
[0020] The ceramic element 2 is in the form of an elon- 
gated sheet having a rectangular cross section.^'As 
shown in FIG. 2(a), the ceramic element 2 is a laminate 
of an oxygen concentration cell element 21 and a heater 
22. TTie oxygen concentration cell element 21 has the 
form of an elongated sheet. The heater 22 also has the 
form of an elongated sheet and is adapted to heat the 
oxygen concentration cell element 21 to a predeter- 
mined activation temperature. The oxygen concentra- 
tion cell element 21 is made of an oxygen-ion 
conductive solid electrolyte. A typical example ol such a 
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solid electrolyte is Zr0 2 obtained through solid solution 
of Y 2 0 3 or CaO. Alternatively, there may be used a solid 
solution of ZKD 2 and an oxide of an alkali earth metal or 
rare earth metal. Zr0 2 serving as a base may contain 
Hf0 2 . The heater 22 is a known ceramic heater com- 
posed of a ceramic substrate and a resistance-heating 
pattern 23. The resistance-heating pattern 23 is made 
of a high-melting-point metal or an electrically conduc- 
tive ceramic and is embedded in the ceramic substrate. 
[0021] In the oxygen concentration cell element 21, 
porous electrodes 25 and 26 capable of dissociating 
oxygen molecules are formed on opposite surfaces at a 
longitudinal end portion (a portion projecting from the tip 
of a metallic shell 3). The electrodes 25 and 26 and a 
portion of the solid electrolyte interposed therebetween 
constitute a sensing portion D. 

[0022] Electrode leads 25a and 26a are integrated 
with the porous electrodes 25 and 26, respectively, and 
extend toward the mounting end of the oxygen sensor 1 
along the longitudinal direction of the oxygen concentra- 
tion cell element 21. An end of the electrode lead 25a 
extending from the electrode 25 t which end does not 
face the heater 22, is used as an electrode terminal 7. 
As shown in FIG. 2(c), the electrode lead 26a extending 
from the electrode 26. which lead faces the heater 22. is 
connected to an electrode terminal 7 formed on the 
opposite side of the oxygen concentration cell element 
21. by means of a via hole 26b formed in the oxygen 
concentration cell element 21 in its thickness direction. 
In other words, in the oxygen concentration cell element 
21. the electrode terminals 7 for the porous electrodes 
25 and 26 are formed in parallel on the same surface 
and at an end portion of the surface. The electrodes, 
terminals, and via hole are formed by the steps of: 
screen-printing respective patterns through use of a 
paste of metal powder having catalytic activity for oxy- 
gen molecule dissociation reaction, such as a paste of 
Pt or Pt alloy; and firing the printed patterns. 
[0023] As shown in FIG. 2(d), in the heater 22, leads 
23a for supplying power to the resistance-heating pat- 
tern 23 are connected, by means of respective via holes 
23b, to electrode terminals 7 formed at one end of a sur- 
face of the heater 22 which does not face the oxygen 
concentration cell element 21 . 

[0024] As shown in FIG. 2(b), the oxygen concentra- 
tion cell element 21 and the heater 22 are bonded 
together via a ceramic layer 27. The ceramic layer 27 is 
made of a Z1O2 ceramic or an Ai 2 0 3 ceramic. The elec- 
trode lead 26a (porous) is bonded to the porous elec- 
trode 26 on the ceramic layer 27 side. A weak pumping 
current is applied between the porous electrode 26 and 
the opposed porous electrode 25 such that oxygen is 
pumped into the porous electrode 26. The thus- 
pumped-in oxygen is discharged to the atmosphere via 
the electrode lead 26a. As a result the concentration of 
oxygen contained in the porous electrode 26 is held 
slightly higher than that of the atmosphere; thus, the 
porous electrode 26 functions as an oxygen reference 



electrode. The porous electrode 25 opposite the porous 
electrode 26 serves as a sensing electrode which 
comes into contact with exhaust gas. 
[0025] The ceramic element 2 having the above struc- 

5 ture is inserted through a through-hole 30 formed in an 
insulator 4. The insulator 4 is disposed inside the metal- 
lic shell 3, which is fixed on an exhaust pipe. The 
ceramic element 2 is fixed in the insulator 4 such that 
the sensing portion D located at a tip portion thereof 

10 projects from the tip of the metallic shell 3. A cavity 31 
having a diameter larger than that of the through-hole 
30 is formed in the insulator 4 such that the cavity 31 
and the through-hole 30 are arranged in series in the 
axial direction of the ceramic element 2. One end of the 

15 cavity 31 communicates with the rear end of the 
through-hole 30, whereas the other end opens at the 
rear end surface of the insulator 4. A space which is 
defined by the outer surface of the ceramic element 2 
and the inner surface of the insulator 4 which defines 

20 the cavity 31 is filled with a sealing-material layer 32, for 
the purpose of attaining sealing. The sealing-material • 
layer 32 is mainly made of glass (for example, crystal- 
lized zinc silica boric-acid glass; softening temperature 
660°C). 

25 [0026] As shown in FIG. 3(b), the ceramic element 2 
has a sectional profile of a generally rectangular shape. 
Meanwhile, the sectional profile of the inner surface of 
the insulator 4 defining the cavity 31 ; i.e., the sectional 
outer profile of the sealing-material layer 32. has a rec- 

30 tangular shape so as to correspond to the sectional pro- 
file of the ceramic sensor 2. Further, the four corners of 
the sectional profile of the inner surface of the insulator 
4 defining the cavity 31 or the sectional outer profile of 
the sealing-material layer 32 have a round (or cham- 

35 fered) shape in order to mitigate stress concentration. 
The size of the round (or chamfered) shape is preferably 
adjusted within the range of 0.3 to 3 mm. Further, the 
centroid of the cross section of the ceramic element 2 
substantially coincides with that of the sectional profile 

40 of the inner surface of the insulator 4 defining the cavity 
31. 

[0027] The sectional profile of the sealing-material 
layer 32 or the cavity 31 can be expressed from a differ- 
ent viewpoint, as follows. That is, as shown in FIG. 3(c), 

45 on the plane Q perpendicular to the axis of the ceramic 
element 2 (FIG. 3(a)), a line L1 is drawn such that the 
line L1 passes through the centroid G of the cross sec- 
tion of the ceramic element 2 and perpendicularly inter- 
sects the shorter sides of the cross section of the 

so ceramic element 2. The intersections between the line 
L1 and the inner surface defining the cavity 31 are taken 
as Pi and P2. respectively. Similarly, a line L2 is drawn 
such that the line L2 passes through the centroid G of 
the cross section of the ceramic element 2 and perpen- 

55 dicularly intersects the longer sides of the cross section 
of the ceramic element 2. The intersections between the 
line L2 and the inner surface defining the cavity 31 are 
taken as P3 and P4, respectively. Further, while the 
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longer of the distances GP1 and GP2 (or either one 
when GP1 = GP2 ) is used as a radius, a circle C cen- 
tered on the centroid G is drawn. The sectional profile of 
the inner surface defining the cavity 31 is determined 
such that both the points P3 and P4 fall within the circle 
C. 

[0028] Further, as shown in FIG. 3(b). the thickness t 
of the sealing-material layer 32 formed around the 
ceramic element is adjusted within the range of 0.2 to 5 
mm, preferably, within the range of 0.3 to 3 mm. Moreo- 
ver, the thickness t of the sealing-material layer 32 in 
regions along the shorter sides of the cross section of 
the ceramic element 2 is preferably set substantially 
equal to that of the sealing-material layer in regions 
along the longer sides. 

[0029] Next, as shown in FIG. 1 , a talc ring 36 and a 
caulking ring 37 are fitted between the insulator 4 and 
the metallic shell 3 such that they are located adjacent 
to each other in the axial direction. The rear-end portion 
of the metallic shell 3 is caulked such that the rear-end 
portion is bent and pressed toward the insulator 4 via 
the caulking ring 37, to thereby fix the insulator 4 and 
the metallic shell 3. Double protection covers 6a and 6b 
of metal are fixedly attached to the tip portion of the 
metallic shell 3 through laser welding or resistance 
welding (for example, spot welding) in such a manner as 
to cover a projected portion of the ceramic element 2. 
The covers 6a and 6b each have a cap shape and have 
holes 6c and 6d. respectively, formed therein for intro- 
ducing into a cover 6 a high-temperature exhaust gas 
flowing through an exhaust pipe. The rear end portion of 
the metallic shell 3 is fitted into the tip end portion of an 
outer cylinder 18. At the overlap of the metallic shell 3 
and the outer cylinder 18. the metallic shell 3 and the 
outer cylinder 18 are connected in an airtight manner by 
means of an annular weld zone (for example, a laser 
weld zone) 35. At the overlap, the metallic shell 3 and 
the outer cylinder 18 may be connected through circum- 
ferential caulking instead of by laser welding. However, 
when a particularly high degree of watertightness is 
desired, laser welding is preferred because of its excel- 
lent liquid-tightness. 

[0030] As shown in FIG. 1 , lead wires 1 4 are electri- 
cally connected to the electrode terminals 7 (four; see 
FIG. 2) of the ceramic element 2 via a connector 13. A 
total of four lead wires 14 extend to the exterior of the 
oxygen sensor 1 through a grommet 15 and are con- 
nected to a connector plug 1 6. Portions of the lead wires 
14 extending between the connector plug 16 and the 
oxygen sensor 1 are collectively covered with a protec- 
tion tube 1 7. 

[0031] The operation of the oxygen sensor 1 will next 
be described. 

[0032] As shown in FIG. 1 . the oxygen sensor 1 is fix- 
edly attached to an automobile exhaust pipe by means 
of a threaded portion 3a of the metallic shell 3. The con- 
nector plug 16 is connected to an unillustrated control- 
ler. When the sensing portion D is exposed to exhaust 



gas, the porous electrode 25 (FIG. 2) of the oxygen con- 
centration cell element 21 comes into contact with the 
exhaust gas. As a result, an electromotive force is gen- 
erated by the concentration cell effect, which is induced 

5 in the oxygen concentration cell element 21 according 
to the concentration of oxygen contained in the exhaust 
gas. The generated electromotive force is outputted as 
a sensor output via the electrode leads 25a and 26a, the 
electrode terminals 7. and the lead wires 14. A X sensor 

w (or O2 sensor) of this kind shows a characteristic that an 
electromotive force generated by the concentration cell 
effect varies abruptly in the vicinity of a region where an 
exhaust gas composition shows a theoretical air-fuel 
ratio, and is thus used widely for detection of an air-fuel 

is ratio. 

[0033] The oxygen sensor 1 is often attached to an 
exhaust manifold or an exhaust pipe located near a sus- 
pension system and tires. In this case, the sensor may 
be exposed to high temperature and subjected to a 

20 strong thermal shock caused by splashing of water. In 
the case shown in FIG. 1 4. in which the inner surface of 
the insulator 104 defining the cavity 131 has a circular 
sectional profile, stresses concentrate at the thin wall 
portions of the sealing-material layer 132 formed along 

25 the shorter sides of the cross section of the sensor ele- 
ment 102. By contrast, in the structure of the present 
invention shown in FIG. 3(b). the thickness of the seal- 
ing-material layer 32 in regions along the longer sides of 
the cross section of the ceramic element 2 can be 

30 reduced, so that the above-described problem can be 
avoided. 

[0034] When the ceramic element 2 has a square 
cross section as shown in FIG. 4, the inner surface 
defining the cavity 31 (i.e., the outer circumferential sur- 

35 face of the sealing-material layer 32) has a square sec- 
tional profile in order to correspond to the cross section 
of the ceramic element 2. When the ceramic element 2 
has a rectangular cross section as shown in FIG. 5(a). 
the inner surface defining the cavity 31 (i.e.. the outer 

40 circumferential surface of the sealing-material layer 32) 
may have an elliptical sectional profile such that the 
centroid of the sectional profile of the cavity-defining 
inner surface substantially coincides with the centroid of 
. the rectangular cross section of the ceramic element 2 

45 and such that the major axis of the ellipse extends along 
the longitudinal direction of the cross section of the 
ceramic element 2. Further, when the ceramic element 
2 has an elliptical cross section as shown in FIG. 5(b), 
the inner surface defining the cavity 31 (i.e., the outer 

so circumferential surface of the sealing-material layer 32) 
may has an elliptical sectional profile similar to that of 
the cross section of the sensor element. 
[0035] As shown in FIG. 6, cushion layers 33 and 34 
are formed on opposite sides of the sealing-material 

55 layer 32 as viewed along the axial direction of the 
ceramic element 2, in such a manner as to fill the space 
defined by the outer surface of the ceramic element 2 
and the inner surface of the insulator 4 defining the cav- 
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ity 31. As shown in FIG. 7, the cushion layers 33 and 34 
are made of a porous inorganic substance. The porous 
inorganic substance includes filler particles 20 and 
binder particles 21 . The filler particles 20 are superior in 
heat resistance to glass contained in the sealing-mate- 5 
rial layer 32. The binder particles 21 partially fill gaps 
among the filler particles 20 and have a softening tem- 
perature lower than that of the filler particles 20. The 
cushion layer 34 is in contact with the front end of the 
sealing-material layer 32; i.e., the end located closer to w 
the tip section of the ceramic element 2. The cushion 
layer 34 is composed of Al 2 0 3 particles serving as the 
filler particles 20 and inorganic substance particle for 
example, clay particles serving as the binder particles 
21 . The clay particles are superior in heat resistance to 15 
glass contained in the sealing-material layer 32 and 
have a softening temperature lower than that of the filler 
particles 20. The clay particles may be mainly com- 
posed of hydrous aluminosilicate. For example, the clay 
particles may be mainly composed of two or more clay go 
minerals (or their composite substances) selected from 
the group consisting of allophane. imogolite, hisingerite. 
smectites, kaolinite. halloysite. montmorillonite, illite. 
and vermiculite. From the point of view of oxide compo- 
nents, the clay particles may contain Si0 2 and Al 2 0 3 25 
and, as needed, may further contain, singly or in combi- 
nation. Fe 2 0 3 , Ti0 2 , CaO. MgO, Na 2 0, and K 2 0. 
[0036] As shown in FIG. 6. the tip end of the cavity 31 
tapers down toward the tip of the ceramic element 2, 
thereby forming a reduced-diameter portion 31a. Simi- 30 
larly. the outer surface of the tip end of the cushion layer 
34 tapers down with the reduced-diameter portion 31 a. 
thereby forming a reduced-diameter portion 34a. 
[0037] The cushion layer 33 is in contact with the rear 
end of the sealing-material layer 32. The filler particles 35 
20 (FIG. 7) contained in the cushion layer 33 are talc 
particles. The binder particles 21 (FIG. 7) contained in 
the cushion layer 33 are particles having a softening 
temperature slightly higher than that of glass contained 
in the sealing-material layer 32; for example, crystal- 40 
lized glass particles (crystallized zinc silica boric-acid 
glass; softening temperature 680°C). 
[0038] The above-described sealing structure of the 
ceramic element 2 and the insulator 4 is manufactured 
in the following manner, for example. First, a material 45 
powder compact for forming the cushion layer 34 is 
manufactured. In the present embodiment Al 2 0 3 pow- 
der serving as the filler particles 20 and day powder 
serving as the binder particles 21 are mixed. The result- 
ant mixture is pressed into a powder compact 50 shown so 
in FIG. 9(a). The powder compact 50 has a through- 
hole 50b formed in the central portion thereof and 
extending in the axial direction thereof. 
[0039] Next, the ceramic element 2 is inserted through 
the through-hole 50b formed in the powder compact 50. ss 
Then, the ceramic element 2 is inserted from its tip 
through the through-hole 30 formed in the insulator 4. 
The powder compact 50 is placed in the cavity 31 



formed in the insulator 4 and is lightly pressed against 
the insulator 4 in the axial direction of the ceramic ele- 
ment 2. In this case, as shown in FIG. 9(b), the tapered 
surface 50a of the powder compact 50 is pressed 
against and brought into close contact with the reduced- 
diameter portion 31a of the cavity 31. Accordingly, the 
tapered portion of the powder compact 50 is subjected 
to a radial reaction effected by the reduced-diameter 
portion 31a and is thus further compacted. Next, as 
shown in FIG. 9(c), an inorganic material powder which 
is mainly composed of glass is formed into a cylindrical 
shape, yielding a powder compact 51 . The powder com- 
pact 51 is fitted onto the ceramic element 2 from the 
rear end thereof in such a manner that the ceramic ele- 
ment 2 is inserted through a through-hole 5 1 a formed in 
the powder compact 51. Thus, the powder compact 51 
is placed in the cavity 31 adjacent to the powder com- 
pact 50. thereby forming an insulator- sensor- element 
assembly 60. This arrangement provides improved 
sealing between the ceramic element 2 and the wall 
surface of the through-hole 30 of the insulator 4. 
[0040] The insulator-sensor-element assembly 60 is 
heated to a temperature of 800°C to 1O0O°C. As a 
result, the powder compact 51 becomes the sealing- 
material layer 32 through fusion of the inorganic mate- 
rial powder which is mainly composed of glass, thereby 
sealing the joint between the ceramic element 2 and the 
insulator 4. Through fusion of the clay powder while 
Al 2 0 3 particles are dispersed, the powder compact 50 
becomes the cushion layer 34 as shown in FIG. 9(d). 
[0041] Next, as shown in FIG. 10(a). a material pow- 
der 52 (in the present embodiment, a mixed powder of 
talc and crystallized glass) for the cushion layer 33 is 
charged into a space between the ceramic element 2 
and the insulator 4 at a rear portion of the cavity 31 . The 
charged material powder 52 is lightly pressed. Subse- 
quently, the insulator-sensor-element assembly 60 is 
again heated to a temperature of 700*0 to 1000°C 
(preferably 700°C to 900°C). As a result, through fusion 
of the crystallized glass powder, the charged material 
powder 52 becomes the cushion layer 33 as shown in 
FIG. 10(b). In place of directly charging the material 
powder 52 into the cavity 31. the material powder 52 
may be pressed into a compact, which is then placed in 
the cavity 31. 

[0042] As described above, the oxygen sensor 1 is 
often attached to an exhaust manifold or an exhaust 
pipe located near a suspension system and tires. In this 
case, a flipped stone may hit the sensor, or the sensor 
may be subjected to a strong thermal shock caused by 
splashing of water during exposure to high temperature. 
According to the configuration of a conventional oxygen 
sensor, as shown in FIG. 8(a). the cavity 31 formed in 
the insulator 4 is merely filled with the sealing-material 
layer 32 which is mainly composed of glass. For exam- 
ple, when a bending stress is applied to the ceramic ele- 
ment 2 due to a shock caused by a flipped stone or to 
thermal shock, stress concentration tends to arise in a 
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boundary region between a portion of the ceramic ele- 
ment 2 covered with the sealing-materiai layer 32 and 
an uncovered portion in the axial direction of the 
ceramic element 2, potentially shortening the life of the 
ceramic element 2. s 
[0043] By contrast, according to the above-described 
configuration of the oxygen sensor 1 of the present 
invention, as shown in FIG. 8(b), the cushion layers 33 
and 34 made of a porous inorganic substance are dis- 
posed on opposite sides of the sealing-materiai layer 32 10 
with respect to the axial direction of the ceramic element 
2. Accordingly, even when the force of a mechanical or 
thermal shock acts on the ceramic element 2, stress 
concentration is less likely to arise in the above-men- 
tioned boundary region, thereby prolonging the life of is 
the ceramic element 2. Conceivably, while supporting 
portions of the ceramic element 2 which are not covered 
with the sealing-materiai layer 32, the cushion layers 33 
and 34 are deformed in a direction perpendicular to the 
axial direction of the ceramic element 2, thereby pre- 20 
venting a strong bending stress from acting on the 
above-mentioned boundary region. Also, conceivably, in 
heating/cooling operation of a glass-sealing step, the 
cushion layers 33 and 34 alleviate a radial compressive 
force or a bending stress which would otherwise act on 25 
the ceramic element 2 due to a contraction differential 
among glass components which constitute the sealing- 
materiai layer 32, the ceramic element 2. and the metal- 
lic shell 3 or the insulator 4. Thus, the employment of 
the cushion layers 33 and 34 improves the endurance of so 
the ceramic element 2 during the step of sealing with 
glass, thereby improving the yield of manufacture of 
sensors. 

[0044] Since a tip portion of the ceramic element 2 is 
disposed in a high -temperature exhaust pipe, the near 35 
side of the sealing-materiai layer 32 as viewed from the 
tip of the ceramic element 2 is susceptible to the influ- 
ence of heat By contrast, in a certain environment of 
application, the far side of the sealing-materiai layer 32 
is less susceptible to the influence of heat because of a 40 
relatively long distance from a heat source. In this case, 
as shown in FIG. 1 1 (a), the cushion layer 33, which is 
located on the far side of the insulator 4, may be omit- 
ted. 

[0045] The reduced-diameter portion 31 a of the cush- 45 
ion layer 34 may assume a stepped form as shown in 
FIG. 11(b). 

[0046] In the above embodiments, the gas sensor 
assumes the configuration of a X sensor, which employs 
only an oxygen concentration cell element as a sensor so 
element (ceramic element). However, the ceramic ele- 
ment may be of a different type. Examples of a sensor 
element of a different type will next be described. FIG. 
12 schematically shows a full-range oxygen sensor ele- 
ment. In a ceramic element 60 of FIG. 12, an oxygen ss 
pump element 61 and an oxygen concentration cell ele- 
ment 62 are disposed facrrxj each other while a meas- 
urement chamber 65 :s rormed therebetween. The 



oxygen pump element 61 and the oxygen concentration 
cell element 62 are each made of an oxygen-ion con- 
ductive solid electrolyte. Exhaust gas is introduced into 
the measurement chamber 65 through a porous diffu- 
sion hole 67 filled with porous ceramic. Reference 
numeral 69 denotes a heater for heating the oxygen 
pump element 61 and the oxygen concentration cell ele- 
ment 62. The oxygen concentration cell element 62 
uses an electrode 63 embedded therein as an oxygen 
reference electrode. The concentration of oxygen con- 
tained in the measurement chamber 65 is determined 
based on an electromotive force which is generated by 
the concentration cell effect which arises between the 
electrode 63 and an electrode 64 facing the measure- 
ment chamber 65. An unillustrated external power 
source applies voltage to the oxygen pump element 61 
via electrodes 66 and 68. Oxygen is pumped into or 
pumped out from the measurement chamber 65 accord- 
ing to the direction of the applied voltage, and the rate of 
pumping oxygen in or out is determined by the magni- 
tude of the applied voltage. Based on the oxygen con- 
centration of the measurement chamber 65 detected by 
the oxygen concentration cell element 62, an unillus- 
trated controller controls the operation of the oxygen 
pump element 61 such that the oxygen concentration of 
the measurement chamber 65 is maintained at a con- 
stant level. At this time, the concentration of oxygen 
contained in the exhaust gas is determined based on a 
pump current which flows through the oxygen pump ele- 
ment 61 . 

[0047] FIG. 13 shows a ceramic element which 
assumes the form of a two-chamber NO x sensor ele- 
ment. A ceramic element 70 is made of an oxygen-ion 
conductive solid electrolyte such as Zr0 2 . In the 
ceramic element 70, first and second measurement 
chambers 71 and 72 are formed such that a partition 
wall 71a is disposed therebetween. The partition wall 
71a is made of porous ceramic. A second porous diffu- 
sion hole 73 is formed in the partition wall 71 a and is 
filled with porous ceramic, so that communication is 
established between the first and second measurement 
chambers 71 and 72. The first measurement chamber 
71 communicates with a surrounding atmosphere via a 
first porous diffusion hole 74. A first oxygen pump ele- 
ment 75 having electrodes 76 and 77 is provided for the 
first measurement chamber 71 , and a second oxygen 
pump element 78 having electrodes 79 and 80 is pro- 
vided for the second measurement chamber 72. The 
first oxygen pump element 75 and the second oxygen 
pump element 78 are disposed on opposite sides of the 
partition wall 71a. An oxygen concentration cell element 
83 (having an oxygen reference electrode 81 formed 
within the partition wall 71a and a corresponding elec- 
trode 82 exposed to the first measurement chamber 71) 
for detecting the oxygen concentration in the first meas- 
urement chamber 71 is formed within the partition wall 
71a. Numeral 86 denotes a heater for heating the first 
oxygen pump element 75, the second oxygen pump ele- 
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ment 78, and the oxygen concentration cell element 83. 
[0048] During operation, gas is introduced into the first 
measurement chamber 71 from the surrounding atmos- 
phere via the first porous diffusion hole 74. Oxygen is 
pumped out from the introduced gas by means of the 
first oxygen pump element 75. The oxygen concentra- 
tion cell element 83 detects the concentration of oxygen 
contained in the first measurement chamber 71. Based 
on the detected oxygen concentration, an unillustrated 
controller controls the operation of the first oxygen 
pump element 75 such that the oxygen concentration of 
the gas contained in the first measurement chamber 71 
is maintained at such a constant level as not to cause 
decomposition of NO x . The thus-oxygen-reduced gas 
enters the second measurement chamber 72 via the 
second porous diffusion hole 73. The second oxygen 
pump element 78 pumps out oxygen from the second 
measurement chamber 72 so as to completely decom- 
pose NO x and oxygen contained in the gas therewithin. 
At this time, based on a pump current which flows 
through the second oxygen pump element 78, the con- 
centration of NO x contained in the gas of the surround- 
ing atmosphere is determined. 

Claims 

1 . A gas sensor comprising 

an insulator disposed inside a metallic shell; 
a sensor element, for detecting a component of 
a gas to be measured, disposed inside said 
insulator; and 

a cavity formed in said insulator to surround 
said sensor element and a sealing material 
mainly made of glass charged into the cavity in 
order to establish sealing between the inner 
surface of said insulator and the outer surface 
of said sensor element; 

wherein said sensor element has a square, 
rectangular, or elliptical sectional profile, and 
the cavity-defining inner surface of said insula- 
tor has a sectional profile that conforms to that 
of said sensor element. 



the axis of said sensor element; and 
wherein a cavity-defining inner surface of said 
insulator has a sectional profile that is deter- 
mined by a method in which a line L1 that 
* 5 passes through the centroid G of the cross sec- 

tion of said sensor element and perpendicu- 
larly intersects the shorter sides of the cross 
section of said sensor element and a line L2 
that passes through the centroid G of the cross 

10 section of said sensor element and perpendic- 

ularly intersects the longer sides of the cross 
section of said sensor element are drown on 
the plane Q; intersections between the line L1 
and the cavity-defining inner surface are taken 

1S as P1 and P2, respectively; intersections 

between the line L2 and the cavity-defining 
inner surface are taken as P3 and P4, respec- 
tively; while the longer of the distances GP1 
and GP2 is used as a radius, a circle C cen- 

so tered at the centroid G is drawn; and the sec- 

tional profile of the cavity defining inner surface 
is determined such that both the points P3 and 
P4 fall within the circle C. 

25 3. A gas sensor according to Claim 2, wherein said 
cavity-defining inner surface has an elliptical sec- 
tional profile such that the centroid of the sectional 
profile of said cavity -defining inner surface substan- 
tially coincides with the centroid of the rectangular 

30 cross section of said sensor element and such that 
the major axis of the ellipse extends along the lon- 
gitudinal direction of the cross section of said sen- 
sor element. 

35 4. A gas sensor according to Claim 1 or 2, wherein 
said cavity-defining inner surface has a rectangular 
sectional profile such that the centroid of the sec- 
tional profile of said cavity-defining inner surface 
substantially coincides with the centroid of the rec- 

40 tangular cross section of said sensor element and 
such that the sectional profile of said cavity-defining 
inner surface conforms to that of the cross section 
of said sensor element. 



2. A gas sensor comprising 
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an insulator disposed inside a metallic shell; 
a sensor element, for detecting a component of 
a gas to be measured, disposed inside said" 
insulator; and 

a cavity formed in said insulator to surround 
said sensor element, and a sealing material 
mainly made of glass charged into the cavity in 
order to establish sealing between the inner 
surface of said insulator and the outer surface 
of said sensor element; 

wherein said sensor element has a rectangular 
cross section along a plane Q perpendicular to 
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FIG. 1 1 
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(54) Gas sensor 

(57) A gas sensor has a structure in which an insu- 
lator (4) is disposed inside a metallic shell, and a sensor 
element (2) is disposed inside the insulator (4). A cavity 
(31) is formed in the insulator (4) to surround the sensor 
element (2). A sealing material (32) mainly formed of 
glass is charged into the cavity (31) in order to establish 
sealing between the inner surface of the insulator (4) 
and the outer surface of the sensor element (2). The 
sensor element (2) has a rectangular cross section, and 
the inner surface of the insulator (4) defining the cavity 
(31) has a sectional profile corresponding to the sec- 
tional profile of the sensor element (2). 
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